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Abstract
 

Gastrointestinal (GI) tract perforation is a serious complication in patients with rheumatoid arthritis (RA).
This complication has been reported in the eras of both disease-modifying anti-rheumatic drugs(DMARDs)and

 
biologics for RA. However,the etiopathogenesis of this condition has not been satisfactorily clarified to date. We

 
experienced the case of an 83-year-old male treated with adalimumab,methotrexate(MTX)and prednisolone(PSL)
who developed hematochezia. The operation demonstrated perforated Meckel’s diverticulitis and an ileal ulcer;
these complications occurred after the interruption of RA treatment for eight weeks. The pathology showed an

 
artery with organized thrombi in the diverticular wall associated with recanalization and a fresh thrombotic

 
arteriole beneath the ileal ulcer, although there was no evidence of arteriosclerosis, angiitis, amyloidosis or

 
infection. The former site of arterial thrombosis was presumed to play an important role in the pathogenesis of

 
perforated Meckel’s diverticulitis and the ileal ulcer in this case. The onset of arterial thrombosis during or shortly

 
after the discontinuation of biologic treatment has rarely been described. However, the potential for arterial

 
thrombosis should thus be considered in patients receiving such treatment who present with perforation or ulcers

 
of the GI tract.

Introduction
 

GI perforation,including the upper and lower GI
 

tract,has been reported in patients with RA. The
 

pathological findings suggest that such cases are as-
sociated with treatment with steroids or non-steroidal

 
anti-inflammatory drugs and/or conditions such as

 
amyloidosis or angiitis. However, several reports

 
have recently indicated the role of biologics in GI

 
perforation. We recently experienced a case of

 
upper GI tract perforation with Meckel’s diverticulitis

 
and an ileal ulcer who had been treated with biologics,
MTX and low doses of both PSL and one kind of

 
non-steroidal  anti-inflammatory drug (NSAID).
These events occurred shortly after the interruption of

 
RA treatment. A pathological examination revealed

 
the presence of arterial thrombosis,which was thought

 
to play a crucial role in the pathogenesis of the diver-
ticulitis and ulcer formation. In this report,we present

 
the clinical course and pathological findings of this

 
case and discuss the implications of biologic treatment

 
in the pathogenesis of these lesions.

Case Report
 

An 80-year-old male (a gynecologist) developed
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morning stiffness and polyarthralgia in January 2005,
was diagnosed with RA(Stage II,Class 2)in 2008,and

 
was satisfied with the classification criteria for RA of

 
2010 ACR/EULAR including positivity for anti-cyclic

 
citrullinated protein (CCP)antibodies (Abs). Since

 
the diagnosis of RA,he had been treated with MTX(4

 
mg/wk) and PSL (5 mg/day) in addition to loxo-
profen (120-60mg/day). Although this treatment

 
resulted in good control with only mild arthralgia,the

 
patient wished to be free from arthralgia and subcuta-
neous injections of adalimumab(40mg/2 weeks)were

 
therefore started in January 2009 to provide better

 
disease control. His condition subsequently improved

 
with no positive findings for thrombosis, including

 
anti-cardiolipin Abs, lupus anticoagulant, throm-
bocytosis,an elevated D-dimer level,NIDDM,hyper-
tension, etc., at the outpatient clinic. However, he

 

failed to take adalimumab,MTX,PSL and loxoprofen
 

for eight weeks prior to the current admission because
 

he had been unable to visit the hospital after sustaining
 

a minor head contusion from falling down onto the
 

pavement;he remained able to perform activities of
 

daily living at home as usual. He then presented with
 

massive hematochezia,not associated with any appar-
ent abdominal pain or fever,in the middle of February

 
2012 and was admitted to our university hospital. At

 
that time,he manifested a DAS-CRP level of 7.7 with

 
symptoms of arthritis in the PIP and MCP of the

 
fingers as well as the hands and knees. The main

 
laboratory data are presented in Table 1;no abnormal

 
findings were noted,except for a moderate RA activity.
Esophagogastroduodenoscopy and colonoscopy were

 
conducted to identify the site of bleeding;however,
these procedures demonstrated no apparent sites of

 

Meckel’s diverticulitis due to arterial thrombosis

 

Fig.1 Macroscopic findings of the perforated Meckel’s diverticulitis and ileal ulcer
 

A:The ileal ulcer is located around the orifice of the diverticulum.

B:The diverticulitis in the distal portion of the diverticulum on a cross-section(short arrow)and the adjacent peritonitis

(long arrow).

Fig.2 Illustration of the perforated Meckel’s diverticulitis and ileal ulcer
 

A Meckel’s diverticulum located 40cm from the cecum contains an ulcer on the distal portion associated
 

with peritonitis.①:A small artery located between the site of diverticulitis and the ileal ulcer is studied
 

on serial sections.②:Three different small arteries and arterioles beneath the ileal ulcer are examined. The
 

pathological findings are described in the Results section.
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bleeding, showing only fresh blood in the cecum.
Three weeks later,the patient developed lower abdomi-
nal pain and a fever of 39℃. Abdominal surgery was

 
subsequently performed,which revealed the presence

 
of perforated Meckel’s diverticulitis and a deep mu-
cosal ulcer at the orifice of the diverticulum in the

 
terminal ileum;nine centimeters of the terminal ileum

 
were thus resected. According to the macroscopic

 
findings,the orifice of the diverticulum was identified

 
to be associated with a well-demarcated ulcer measur-
ing 40mm×35mm in diameter (Fig.1A), while the

 
distal portion of the diverticulum contained an ulcer

 
with inflammatory changes in the adjacent peritoneum
(Fig.1B). A histological examination of Meckel’s

 
diverticulitis and the ileal ulcer was carried out using

 
hematoxylin and eosin (HE), Elastica van Gieson
(EVG),and Gram and Grocott’s staining. Specifically,
the wall of the diverticulum was successively cut at a

 
thickness of 50μm toward the ileal ulcer,thus permit-
ting close observation of the small arteries. Immuno-
histochemical studies of paraffin-embedded sections

 
using CD31, von Willebrand factor (vWF), tissue

 
factor (TF) and thrombomodulin (TM) were also

 
conducted as previously described. In particular,
monoclonal antibodies to CD31, vWF, TM (Dako,
Denmark) and TF (Sekisui Diagnostica, CT, USA)
were used.

The anatomical relationships between the diver-
ticular thrombotic artery,Meckel’s diverticulitis, ileal

 
ulcer and both small arteries and arterioles, as de-
scribed below,are illustrated in Figure 2. The distal

 
portion of the diverticulum contained an erosive ulcer

 
of the ectopic gastric mucosa and an artery with a fresh

 
thrombus accompanied by disruption of the internal

 
elastic lamina(IEL)(Figs.3A,B). However,a study

 
of the proximal portion of this artery using serial

 
sections of the diverticulum revealed an artery associat-
ed with organized thrombi, although without the

 
destruction of the IEL or apparent arteriosclerosis
(Figs.4A#1-8,4B). In addition,further examination

 

Fig.3 Meckel’s diverticulitis
 

The distal portion of the diverticulum exhibits an ulcer and ectopic gastric mucosa (A),with an occluded small artery
 

beneath the ulcer(B).(A:HE staining,×200,B:EVG staining,×200)

Table 1 Main laboratory data around the time of admission
 

Hb  10.1g/dl(11.2～15.2)

WBC  7,400/μl(3,500～9,000)

plts  19.9 × 10/μl(14.0～38.0)

urine  Protein(－)

Sugar(－)

Occult blood(－)

Urobilinogen(±)

TP  5.5g/dl(6.5～8.2)

A1b  2.8g/dl(3.7～5.2)

AST  19IU/ml(8-33)

ALT  15IU/ml(3-30)

ALP  257IU/ml(104～338)

LDH  205IU/ml(120～245)

BUN  23.1mg/dl(8.0～20.0)

Cr  0.7mg/dl(0.46～0.82)

Total cholesterol  211mg/dl(150～220)

Triglyceride  106mg/dl(60～130)

LDL cholesterol  66mg/dl(0～140)

BNP  19.7pg/ml(0-18.4)

CRP  6.3mg/dl(＜0.4)

RF  58IU/ml(＜15)

Anti-CCP Ab  20.7U/ml(＜4.5)

MMP-3  236ng/ml(＜36.9-121)

ANA ＜40× (＜40)

CH50  54U/ml(30-45)

C1q  1.5μg/ml(＜3.0)

MPO-ANCA ＜1.3U/ml(＜9.0)

PR3-ANCA  1.3U/ml(＜3.5)

Anti-CL IgG Ab  1.0U/ml(0～9.9)

Anti-β2 GPI Ab ＜1.3U/ml(0～9.9)

Pro time  92％ (80-100)

PT-INR  1.05
 

APTT  33.9sec(27-40)

Fibrinogen  398mg/dl(200-400)

LAC  1.0(0～1.3)
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demonstrated only slight infiltration of inflammatory
 

cells in the vessel wall and around the vessel(Fig.4B).
Further serial sections of this artery showed a conser-
ved arterial lumen with bifurcation into the small

 
artery and arteriole (first branch) (Fig.4A#5). The

 

arteriole beneath the ileal ulcer contained a relatively
 

fresh thrombus (Fig.4A#8). Moreover, the other
 

parts of the sections disclosed two different small
 

arteries and arterioles as second and third branches
 

derived from the diverticular artery. The second small

 

Fig.4 Serial sections of a thrombotic artery in the diverticulum located toward the ileal ulcer(cut in 50-μm-thickness)(A)and
 

visualization with other types of staining and settings of magnification (B,C)

A:Serial sections of a small artery in the diverticulum wall from proximal#1 to distal#8. The artery shows organized
 

thrombi with recanalization in a deeper section(#2),with bifurcation to a small artery and arteriole in#5 to#7(first
 

branch). The right-directed arteriole is located beneath the ileal ulcer and is occluded by a fresh thrombus(arrow)(#

8)(EVG staining,×40).
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Fig.4 BC B:Higher magnification view of Figure 4A#2 showing a recanalized thrombus(arrows)and intact vessel wall with
 

slight infiltration of inflammatory cells around the vessel (EVG staining×200).

C:HE staining in Figure 4A#8. A fresh thrombus is observed in the right-directed arteriole (arrow) (HE
 

staining×40).

Fig.5 Ileal ulcer and arterioles/small arteries
 

A,B :The second branch of the small artery and arteriole shows no thrombosis or arteriosclerosis(A:HE staining,×100,

B:EVG staining,×100).

C,D :The third branch of the small artery and arteriole demonstrates a partially occluded small artery and eroded arteriole
 

on the surface of the ileal ulcer,including fresh thrombi (C:HE staining,×100,D:EVG staining,×100).
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CD31 vWF

 

Fig.6 Expression of CD31 and von Willebrand factor(vWF)in the small arteries and arterioles beneath the ileal ulcer

 

Patient tissue samples
 

CD31 staining:Increased staining is observed on the endothelial cell surface of an arteriole with a fresh thrombus(arrow).

The small artery without the thrombus shows a clear expression (double arrows)(×200).

vWF staining: Positive staining on the endothelial cell surface of an arteriole exhibiting a fresh thrombus(arrow). The
 

small artery displays slightly positive findings(double arrows)(×200).

Control ileum samples
 

Staining is positive for CD31and negative for vWF (×200).
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artery and arteriole were almost intact without throm-
bus formation (Figs. 5A, B), while the third small

 
artery and arteriole demonstrated an eroded arteriole

 
with a thrombus in the ulcer and a partially occluded

 
small artery with intact IEF (Figs.5C,D). All these

 
sections around the arteries and arterioles showed

 
acute inflammatory processes associated with the pre-
dominant infiltration of neutrophils,but without the

 
formation of either granulomatous tissues or fibrosis.
Immunohistochemical studies of the artery near the

 
relatively fresh thrombotic lesion showed an increased

 
expression of both CD31 antigens and vWF on the

 
endothelial surface(Fig.6),with no demonstrable TF

 
or TM expression. In contrast, the root of the small

 
artery was found to be positive for CD31, with the

 
scant presence of vWF (Fig.6) and negative for TF

 
which was associated with the slight presence of TM

 
on the endothelial surface (data not shown). Only

 
TF-positive mononuclear cells were found around the

 
arteriole and small artery. Two control cases showed

 
a positive CD31 expression and negative staining for

 
vWF (Fig.6),with the equivocal presence of TM and

 
negative findings for TF on the endothelial surface.

Discussion
 

GI perforation, as described in the previous
 

DMARD era,has also been reported in RA patients
 

treated with biologics. The post-marketing surveil-
lance of biologics in Japan disclosed 20 patients with

 
GI perforation as of July 2013, five of whom were

 
identified to have upper GI tract perforation. This

 
survey assessed the effects of infliximab, etanercept,
adalimumab and tocilizumab in patients treated

 
between 1993 and 2013. Notably,the incidence of GI

 
perforation appears to vary among these drugs,
although the exact incidence of GI perforation as-
sociated with each biologic requires further investiga-
tion. In addition,the pathogenesis of GI perforation

 
during treatment with biologics has not been described

 
in detail and remains unclear. Therefore,it is worth-
while to describe each case thoroughly,including the

 
pathological findings and clinical course. The Meckel’
s diverticulum in this case involved an erosive ulcer,
adjacent peritonitis and the presence of organized

 
thrombi in an artery in the diverticular wall. The

 
arterial thrombosis noted in the diverticulum, as

 
evaluated using serial sections, is presumed to be the

 
cause of the patient’s perforated Meckel’s diverticulitis.
Furthermore,although the ileal ulcer was fairly large

 
in size,it was also thought to be caused by the diver-
ticular artery which was studied with serial sections.
In fact,the development of peptic ulcer in the ectopic

 
gastric mucosa of the Meckel’s diverticulum or infec-
tion with bacteria or fungi is not thought to be causa-
tive factors for the perforated diverticulitis associated

 
with ileal ulcer. Indeed,the ulcer in the diverticulum

 
was not deeply or widely ulcerated whereas the ileal

 
ulcer was well demarcated. Moreover,neither angiitis

 
nor amyloidosis was observed on the pathologic exam-

ination and these factors did not play a pathogenetic
 

role in the development of the present lesions. Treat-
ment with steroids and/or loxoprofen is also not

 
assumed to be the cause of such lesions when taken at

 
low doses. Therefore,the thrombosis formation

 
observed in the non-arteriosclerotic small artery of the

 
Meckel’s diverticular wall is strongly considered to

 
have induced the diverticulitis which thus led to

 
massive bleeding in the initial phase,as is typical in

 
cases of Meckel’s diverticulitis. At the time of the

 
operation, three weeks had already passed after the

 
development of arterial thrombosis. This time delay

 
allowed for the progression to organized thrombi,
although without destruction of the IEL, as well as

 
ulcer formation around the orifice of the diverticulum

 
due to ischemia of the root artery. This pathogenesis

 
of the ileal ulcer was evidenced by the presence of a

 
relatively fresh thrombus in the arteriole beneath the

 
ulcer and the observation of a partially conserved

 
arteriole lumen,as shown in Figures 4 and 5. These

 
findings are furthermore supported by the results of

 
immunohistochemical staining showing an increased

 
expression of both CD31 antigens and vWF on the

 
endothelial surface of the arteriole. In contrast, it is

 
noteworthy that the patient exhibited no laboratory

 
data indicating hypercoagulability or clinical findings

 
suggesting other sites of thrombosis in additional

 
organs. Dehydration and prolonged bed rest are not

 
thought to be causes of arterial thrombosis in this case,
as the patient was able to perform his daily activities at

 
home as usual. In addition, no cardiac disorders or

 
apparent marked atherosclerosis,which may result in

 
arterial embolism,were not identified on routine exam-
inations or computed tomography of the chest or

 
abdomen.

The incidence of venous thrombosis in RA
 

patients is reported to be high compared with that
 

observed in patients with other diseases. Surpris-
ingly,a French surveillance study recently shows that

 
arterial thrombosis has a similar incidence to venous

 
thrombosis in RA patients treated with biologics.
Furthermore, the development of arterial thrombosis

 
in association with biologic treatment has been de-
scribed in several previously reported cases. The

 
onset of arterial thrombosis during the infusion of

 
biologics is reported to be related to angiospasms,
whereas the occurrence of this condition shortly after

 
the discontinuation of biologic therapy is not clear and

 
may simply be coincidental. However, it can be

 
speculated that the rebound production of TNF-αhas

 
an effect on vascular-related factors,potentially lead-
ing to thrombosis. Therefore, studies of further

 
cases will help to clarify the relationship between

 
arterial thrombosis and treatment with biologics.

We herein reported a rare case of arterial thrombo-
sis in a patient with RA involving the pathogenesis of

 
perforated Meckel’s diverticulitis and an ileal ulcer

 
and discussed the presumed pathogenetic role of bio-
logics in the development of these lesions.
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This case was presented at the 18 Research Confer-
ence of Vascular Pathology in Japan held on October

 
19-20,2013 in Sapporo,Japan.
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